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SECT I OH  I 


IMTBODUCTIOM 

Previous  Air  Force  research  interests  have  emphasized 
the  improvement  of  state-of-the-art  thermoset  matrix 
materials  over  the  currently  used  epoxy  resins  in 
traditional  structural  composite  applications.  The 
incorporation  of  the  primary  acetylene  as  a  thermally 
reactive  end  group  on  the  backbones  of  thermally  and 
thermooxidati vely  stable  monomers  (AT  systems)  has  been 
well  reported  (Reference  1) .  The  advantages  of  the  use  of 
the  reactive  primary  acetylene  end  group  include  no 
generation  of  volatiles  during  cure  so  that  voids  in  the 
matrix  are  eliminated.  In  addition,  reduoed  absorption  of 
water  by  the  cured  matrix  under  high  humidity  conditions 
allows  the  retention  of  desired  mechanical  properties  with 
a  resulting  improvement  over  the  135°C  service  ceiling  of 
the  epoxy  resins  (Reference  2) . 

Much  less  attention  has  focused  on  the  use  of  secondary 
acetylenes  such  as  phenylethynyl  and  phenoxyphenylethynyl 
as  the  reactive  end  groups  of  a  thermally  stable  backbone. 
Previous  studies  have  centered  on  phenylethynyl  pendants 
incorporated  into  high  molecular  weight  polymers  which 
undergo  cure  either  intramolecularly  or  intermolecularly  to 
form  a  highly  fused  or  more  lightly  crosslinked  polymer 
respectively.  Pendants  that  react  intramolecularly 
polymerize  near  250°C  max  as  indicated  by  differential 
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•canning  calorimetry  (DSC,  AT*20°C/min)  (Reference*  3-5). 
However,  when  the  phenylethyny 1  group  was  randomly  spaced 
along  the  polymer  backbone,  the  thermally  induaed 
intermolecular  crosslinking  reaction  occurred  at  430-450°C 
by  DSC  (AT«20°C/min)  (Reference  6).  This  200°C  difference 
in  cure  exotherm  is  presumed  to  occur  because  of  the 
dependence  of  additional  energy  input  to  move  the  reactive 
end  groups  into  position  to  undergo  the  crosslinking 
reaction.  An  aromatic  imide  oligomer  with  terminal 
phenylethynyl  groups  was  reaently  reported  to  have  a  very 
broad  onset  of  polymerization  beginning  at  230°C  and 
maximizing  at  420°C  (DSC,  AT*20oC/min)  (Reference  7). 

This  report  describes  the  preparation  and  thermo- 
analytical  characterization  of  monomers  with  aryl  and 
aryloxyethynyl  terminal  end  groups.  A  direct  comparison  of 
the  thermooxidative  stability  of  resins  produced  from  these 
analogs  was  made  with  the  corresponding  AT  systems.  This 
report  also  addresses  the  concept  of  reducing  the  crosslink 
density  via  the  incorporation  of  secondary  acetylenic 
reactive  end  groups  into  the  monomers  thus  providing  a 
means  to  improve  the  toughness  of  the  cured  resin  without 
the  addition  of  oligomeric  products  (Reference  8). 
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SECTION  II 


RESULTS  AND  DISCUSSION 

1.  Syntheses  of  Phonylethynyl  Substituted  Monomer*  With 
Phenylen*  B  (Roforonao  0)  and  I mi do  Moitio*  in  th*  Baokbono 
a.  Phonylono  R  bisbonzeno*  1.  and  2 

Th*  secondary  acotylon#  *ub*titutod  monomara ,  1,3-bis- 
(3-ph#nyl#thynylph#noxy) bonzono  ( I.)  and  4 , 4 ' bis (3-ph*nyl- 
othynylphonoxy) diphony l*ul f on#  (2)  were  prepared  in  00-04% 
yiold  by  a  nucloophilic  displacement  reaction  using 
phenylacety lone  with  a  previously  reported  copper  and 
organopalladium  catalyst  system  upon  1 , 3-bis (3-bromoph#n- 
oxy)benzene  and  4 , 4 ' -bis (3-bromophenoxy) diphenylsul f one 
(Reference  10) . 


Br  -  R  -  Br  ♦  HC  =  C <f> 


<f) 3P,  Cui 
(<£3 P)2  PdCI2 


Et3N 

reflux 


<f) C  =  C  -  R  -  C=C(/> 


MONOMER  (1) 


MONOMER  (2) 
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b.  Ethynyl  and  Pheny Iethyny 1  Substituted  Bisimides  3 
and  4 . 

The  primary  acetylene  substituted  bisimide  3  was 
prepared  from  the  previously  reported  procedure  (Reference 
11)  using  the  acetic  acid  catalysed  condensation  of 
3-ethynylbenzenamine  with  5 , 5 ’ - [2 , 2 , 2-tri f luoro- 1- 
( tr i f luoromethy 1 )ethylidine]  bis-1 , 3- isobenzof urandione 
(References  12  and  13)  . 


MONOMER  (3) 


The  phenylethynyl  bisimide  4  was  prepared  in  low  yield 
by  the  same  route  (Reference  11)  using  3- (pheny Iethyny 1 ) - 
benzenamine  (5)  as  the  source  of  the  secondary  acetylene 
endcap.  Compound  5_  was  prepared  in  27%  yield  by  chemical 
reduction  with  sodium  hydrosulfite  (Reference  14)  of 
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1- (phenylethyny 1 ) -3-ni trobenzene  (6).  Compound  6  wu 
prepared  by  a  modification  of  a  reported  procedure 
(Reference  15)  from  cuprous  phenylacetyl ide  and 
l-iodo-3-nitrobenzene . 


$  C  E  CCu  + 


no2 


(§) 


MONOMER  (4) 


2.  Syntheses  of  Aryloxyethynyl  Substituted  Monomers  with 
Phenylene  R  and  Quinoxaline  Moities  in  the  Backbone 
a.  Aryloxyethynyl  Phenylene  R  Monomers  7  and  8 
Monomers  7  and  8  were  prepared  in  fair  yield  by  the 
nucleophilic  displacement  reaction  previously  cited 
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(Reference  10)  with  1 -phenoxy-3- (3-ethyny lphenoxy) benzene 
(mono-ATP)  (Reference  16)  upon  2 , 2-bis [ (3-bromophenoxy ) -4- 
phenyl Ipropane  (Reference  17)  and  2 , 2-bis t (3-bromophen¬ 
oxy)  -4-phenyl  ]hexaf  luoropropane  (Reference  9)  respectively. 


Br  -  R  -  Br 


<f>2 P<  Cul 
(<£3P)2  PdCI2 


(8)  ,  R  = 


b.  Ary loxyethyny 1  Biquinoxal ine  Monomers  9-12 
Biquinoxal ine  monomers  9-12  were  prepared  in  fair 
yields  by  the  acetic  acid  catalysed  condensation  (Reference 
18)  of  two  moles  of  the  appropriate  phenoxyethyny 1  benzil 
13  or  1_4^  with  one  mole  of  either  3 , 3  ’ -diaminobenzidine 
(DAB)  or  3 , 3 ’ , 4 , 4 ’ - tetraaminodipheny 1  ether  (TADE) .  The 
benzils  were  prepared  from  a  nucleophilic  displacement 


6 


reaction  (Reference  10)  using  mono-ATP  or  l-phenylsul- 
fonyl-3- (3-ethynylphenoxy) benzene  (mono-ATS)  (Reference  19) 
and  4- (3-bromophenoxy) benzi 1 .  4- (3-Bromophenoxy)benzil  was 

prepared  by  a  nitro  displacement  reaction  using 
4-ni trobenzi 1  and  3-bromophenol  (Reference  20) . 

B_CSCH  * 


R=  — (DAB) 
R=  0  (TADE) 


(9)  =(13)  +  DAB 

(10)  =(13)  +  TADE 
(1J)  =(14)  +  DAB 
(12)  =  (14)  +  TADE 

In  the  preparation  of  benzils  lj3  and  1^4_  the  Glaser 
coupled  products,  formed  from  the  coupling  of  the  mono-ATP 
or  mono-ATS  to  itself  in  the  presence  of  cuprous  cations, 
were  removed  by  column  chromatography  at  either  this  step 
or  at  the  final  preparation  of  the  biquinoxal ine .  It  was 
more  advantageous  to  remove  the  coupled  impurity  at  the 
final  monomer  preparation  when  benzi  1  lj3  was  used  since 
there  was  a  larger  difference  in  adsorbance  on  silica  gel 
between  the  biquinoxal ine  and  the  Glaser  coupled  mono-ATP 
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than  between  benzil  1_3  and  Glaser  coupled  mono-ATP. 

3.  Thermal  and  Thermomechanical  Properties 

The  comparison  of  cured  monomers  1^  and  2_  (Table  1)  with 
the  analogous  AT  system  (Reference  9)  by  isothermal  aging 
at  600°F  is  demonstrated  in  Figure  1.  The  final  percent¬ 
ages  of  weight  retained  of  1^  and  2  after  isothermal  aging 
for  200  hours  in  air  versus  the  respective  AT  system  were 
72%  to  24%  for  the  phenylenes  and  82%  to  46%  for  the  sul- 
fones.  With  this  encouraging  data  a  series  of  monomers 
were  prepared  with  both  backbones  of  varied  flexibility  and 
thermooxidative  stability  and  pheny lethyny 1  terminations  of 
varied  flexibility. 

To  test  the  thermooxidative  stability  of  the  terminal 
phenylethyny 1  group,  bisimide  4.  was  synthesized  and  com¬ 
pared  to  its  AT  analog,  monomer  3.  The  backbone  contained 
in  3  and  £  is  known  to  possess  sufficient  thermooxidative 
stability  to  withstand  long  term  exposure  to  a  350°C  cure 
without  degradation.  Samples  of  3  and  4^  were  cured  under 
the  conditions  specified  in  Table  2.  Isothermal  aging  of 
these  samples  at  600°,  650°,  and  700°F  for  200  hours  in  air 
(50  mL/min)  (Figure  2)  indicated  a  reversal  in  the  trend 
observed  in  Figure  1;  that  is,  the  AT  imide  3  was  more 
thermooxidatively  stable  than  the  secondary  substituted 
acetylene  monomer  £  especially  at  temperatures  above  600°F. 

This  observed  reversal  in  stability  may  be  explained  by 
a  thermally  degradative  process  rather  than  a  thermo- 
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TABLE  1.  Summary  of  Monomers  for 


R 


o 


c=c-r" 


'  2 
* 

Monomers  R  R 
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100 


o  o  o  o  o 

CO  CD  ^  CJ 


(%)  anaisau  jlhoi 3m 
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Acetylene  Terminated  Phenylene  R  Systems. 


TABLE  2.  Yields  and  Thermal  Characteristics  of  Monomers  of  Table  1. 
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Figure  2.  Isothermal  Aging  of  Monomers  (3)  and  (4)  at  600°,  650°,  700°F. 


oxidative  mechanism.  At  lower  temperature  (000°7) ,  the 
pendant  phenyl  group  shields  the  polyene  aure  site  from  a 
thermooxidative  degradation.  However,  at  the  higher 
temperatures  (650°-700°F) ,  the  phenyl  pendant  is  thermally 
decomposed  with  the  evolution  of  benzene  resulting  in 
substantial  weight  loss  to  the  system.  Mass  spectrum- 
thermogravimetr ic  analysis  conducted  under  vacuum  of  cured 
specimens  of  monomer  4  indicated  that  degradation  was 
initiated  with  the  evolution  of  benzene  at  400°C 
(Figure  3) . 

The  final  yields  and  thermoanaly tical  data  for  the 
phenylene  B  and  biquinoxal ine  monomers  with  varying 
flexibility  of  the  terminal  secondary  acetylene  are 
summarized  in  Table  2.  In  general,  the  cure  exotherms 
(Tpoiy)  of  the  monomers  exhibit  typical  Gaussian  behavior 
with  discernable  cure  onsets  and  maxima  (DSC,  AT«20°C/min) 
(Table  2) .  The  exotherm  maxima  for  biquinoxal ine  monomers 
9-12  were  approximately  400°C  and  varied  from  370°-390°C 
for  the  phenylene  R  backbones  in  monomers  1_,  2.,  7,  and  8, 
and  the  imide  monomer  4.  Within  groups  with  similar 
endoaps  the  predictable  trends  in  T*  with  variation  in  the 
backbone  are  also  apparent.  The  effect  of  the  terminating 
phenylethynyl  group  on  initial  T*  is  strongly  demonstrated 
in  monomers  9- 12 .  The  more  rigid  sulfone  in  the  termini  of 
1 1  and  1_2_  increases  the  initial  T*  when  compared  to  the 
corresponding  phenoxy  monomers  9  and  10  by  approximately 
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Figure  3.  Mass  Spectrum  -Thermogravjmetric 


50°C.  Finally,  the  affect  of  tha  ether  linkage  in  the 
backbones  of  cured  specimens  of  monomers  10.  and  12.  is 
demonstrated  by  the  lowering  of  the  T* (cured)  by  19°-34°C 
when  compared  to  biquinoxal ines  9  and  H.  respectively. 

On  an  observational  basis,  monomer  9  appears  to  be  more 
thermooxidatively  stable  than  its  AT  counterpart,  BA-DAB-BA 
(Reference  IS) .  Cured  specimens  of  9  do  not  swell  upon 
exposure  to  N,N-dimethylf ormamide  at  room  temperature  for 
one  week.  Similar  exposure  to  methylene  chloride  produces 
only  slight  swelling.  Visual  examination  of  a  cured  sample 
of  9  indicates  that  a  less  brittle,  more  lightly 
crosslinked  product  is  achieved  when  compared  to  previously 
prepared  resins  containing  primary  acetylenic  termini. 

In  general,  the  lower  T*'s  (cured)  exhibited  by  the 
monomers  with  the  bulky  aryloxy  groups  indicate  that  the 
systems  are  substantially  less  crosslinked.  The  T* ’ s 
(cured)  are  more  representative  of  a  linear  polymeric 
backbone  such  as  polystyrene.  Based  on  a  theoretical  T* 
calculation  (Reference  21)  the  predicted  T« (cured)  of  9  for 
the  completely  linear  homopolymer  is  185°C.  The 
experimentally  measured  T* (cured)  of  193°C  for  9  thus 
correlates  closely  with  the  value  predicted  for  the  purely 
linear  system. 
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To  test  the  possible  improvement  in  thermomechanical 
properties  a  fracture  study  on  a  cured  specimen  of  9  was 
performed  and  the  observed  Kq  at  room  temperature  was  0.78 
+_  0.03  MPa  versus  the  reported  Kq  of  BA-DAB-BA  of  0.65  +_ 
0.7  MPa  (Reference  22).  This  Kq  measurement  of  9 
represents  a  20%  improvement  in  the  toughness  of  the  cured 
biquinoxal ine  when  secondary  acetylene  end  groups  are 
utilized . 
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SECTION  III 


EXPERIMENTAL 

All  amine  solvents,  commercially  available,  were 
distilled  and  stored  over  molecular  sieves  (Linde  4A) 
before  use.  All  other  solvents  and  reagents  were  used 
without  further  purification.  Melting  points  were 
uncorrected.  Fracture  analysis  was  performed  on  a 
Mechanical  Testing  System  Model  773  at  room  temperature 
with  a  load  rate  of  0.02  inches/min.  Thermal  analytical 
work  was  performed  on  a  DuPont  910  DSC  apparatus  with 
Omnitherm  35053  three-module  controller  (AT»20°C/min) . 
Electron  impact  mass  spectrum  (E.I.M.S)  was  performed  on  a 
Finnigan  GC/MS/DS  system  Model  4021.  Infrared  spectra  were 
performed  on  a  Beckman  IR-33.  Proton  N.M.R.  spectra  were 
recorded  on  a  Varian  EM  360A  spectrophotometer. 

1 , 3-Bla (3-pheny lethyny lphenoxy ) benzene  ( 1 ) : 

A  solution  of  1 , 3-bis (3-bromophenoxy) benzene  (Reference 
10)  (6.24g,  14.85  mmol)  and  phenylacetylene  (3.27g, 

32.02  mmol)  in  tr iethy lamine  (80  mL)  was  degassed  by 
bubbling  nitrogen  gas  through  the  mixture  for  20  min  at 
room  temperature.  To  the  degassed  mixture  was  added 
bis (triphenylphosphine) pal ladium  dichloride  (0.03g, 

0.04  mmol),  triphenylphosphine  (0.30g,  1.14  mmol)  and 
cuprous  iodide  (0.12g,  0.62  mmol).  The  reaction  mixture 
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was  than  heated  at  reflux  under  nitrogen  for  16h.  The 
reaction  mixture  was  cooled  to  room  temperature  and 
filtered  to  remove  precipitated  tr iethylamine  hydrobromide. 
The  tr iethylamine  filtrate  was  concentrated  under  reduced 
pressure  to  give  an  oil.  The  crude  oily  product  was 
purified  by  column  chromatography  on  silica  gel  using 
hexane  as  the  eluent.  Concentration  of  the  hexane  solution 
containing  the  third  band  from  the  column  gave  a  white 
crystalline  solid:  4.20g,  (60%);  m.p.  78-79°C. 

C3*H220=  calc.  C  88.29  H  4.79 
(462.52)  found  88.58  4.91 

4 .4  * -Bis (3-phenylethynylphenoxy) diphenyl  aulfone  (2): 

The  reaction  of  4 , 4 ' -bis (3-bromophenoxy ) diphenyl 
sulfone  (Reference  10)  (4.00g,  7.11  mmol)  with 

pheny lacety lene  (1.64g,  16.06  mmol)  was  catalyzed  by 
bis (triphenylphosphine) palladium  dichloride  (0.03g,  0.04 
mmol),  triphenylphosphine  (0.30g,  1.14  mmol)  and  cuprous 
iodide  (0.12g,  0.62  mmol)  using  the  procedure  described 
above  to  give  a  crude  oily  product.  The  oil  was  purified  by 
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column  chromatography  on  silica  gal  using  3:1  haxana : 
methylene  chloride  as  the  eluent  to  give  a  solid: 

2 . 75g  (64%);  m.p.  55-S6°C. 

C40H2 0O4S  calc.  C  79.71  H  4.35  S  5.32 
(602.67)  79.91  4.40  5.14 


5.5*-[2.2.2-Trif luoro-1-  (trif luoromethy 1) ethyl idene ]bis- 
1 . 3- ( 1- (3-ethynyl ) phenyl )- lH-lfloindole- (2H) -dione  (3) : 

Monomer  3  was  prepared  in  27%  yield  according  to  the 
literature  procedure  (Reference  11)  by  the  acetic  acid 
catalyzed  condensation  of  3-ethynylbenzenamine  (2  mol)  with 
5, 5' -[2,2, 2- tr if luoromethy 1 ) ethy 1 idene ]bis- 1 , 3-isobenzo- 
furandione  (1  mol)  (References  12  and  13). 


3 . 3  *  - [ 2 . 2 . 2-Tri f luoro- 1 - ( tr i f luoromethy 1 ) ethyl idene ]bis- 
1 , 3- ( 1- (3-pheny lethyny 1 ) phenyl ) - 1H- iso indole- (2H) -dione (4) : 


A  solution  of  5 , 5 ’ - [ 2 , 2 , 2- tri f luoromethyl ) ethyl idene ] 
bis-1 , 3-isobenzofurandione  (4.52g,  10.19  mmol),  benzenamine 
5.  (5.90g,  30.57  mmol)  and  glacial  acetic  acid  (100  mL)  was 
stirred  at  room  temperature  under  a  nitrogen  atmosphere  for 
0.5h  before  the  flask  was  heated  to  an  internal  temperature 
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of  80°C.  After  stirring  for  3h  at  80°C  the  flask  was 
heated  to  reflux  (115°C)  for  2h.  TLC  on  an  activated 
silica  gel  strip  (2:1  diethyl  ether : hexane ;  diethyl  ether) 
indicated  full  closure  to  bisimide  4.  The  solution  was 
allowed  to  cool  to  room  temperature  and  the  crude  product 
was  afforded  by  precipitation  of  the  acidic  solution  into 
water  (500  mL) .  The  precipitate  was  dissolved  into 
methylene  chloride  (100  mL)  and  washed  with  10%  sodium 
bicarbonate  (2  X  100  mL) ,  water  (2  X  100  mL) ,  and  dried 
over  anhydrous  magnesium  sulfate  (5.00g).  The  solvent  was 
distilled  by  rotary  evaporation  to  afford  a  light  beige 
solid  (27.90g).  The  pure  product  was  isolated  by  column 
chromatography  on  silica  gel  (Woelm  DCC ,  2.5  cm  dia  X  39  cm 
L)  using  ahloroform  as  the  eluent.  Precipitation  from 
chloroform: methanol  (25  mL:100  mL)  and  subsequent  drying  in 
a  60°C  oven  at  reduced  pressure  afforded  a  white  powder: 

1 . 52g  (20%). 

Ca7Hs*F«N*0*  calc.  C  71.03  H  3.02  N  3.53 

(794.08)  found  70.92  3.34  3.54 

I.R.  (KBr) :  v*3080,  2200,  1790,  1730,  1630,  1000,  1580  cm"1 

(Figure  4) . 


3- (Phenylethynyl) benzenamine  (5)  : 


To  a  degassed  solution  of  6  (18.51g,  82.92  mmol)  in 
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Figure  4.  ZB  Spectrum  of  Monomer 


tetrahydrof uran : ethanol  (25  mL:500  mL)  was  dropwise  added  a 
solution  of  sodium  hydrosulfite  (57.77g,  331.82  mmol)  in 
water  (500  mL)  over  a  period  of  15  min.  After  stirring  at 
room  temperature  for  5  min  TLC  of  the  reaction  on  a  silica 
gel  strip  (4:1  hexane : diethyl  ether;  diethyl  ether) 
indicated  the  reaction  was  complete.  The  solution  was 
extracted  with  methylene  chloride  (3  X  250  mL)  and  the 
organic  layers  were  washed  with  water  (3  X  500  mL)  and 
dried  over  anhydrous  magnesium  sulfate  (20.00g).  Distil¬ 
lation  of  the  solvent  in  vacuo  afforded  a  golden  yellow 
oil.  The  oil  was  dissolved  in  boiling  methylene  chloride: 
hexane  (25  mL:150  mL)  and  the  hot  solution  was  decanted 
from  the  tarry  residue  to  afford  a  brown  solid:  4.72g 
(277.);  m.p.  43-44°C  [Reference  23,  m.p.  46 . 5-47 . 5°C  ]  . 
XH-N.M.R.  (CDC 1 3  /TMS  mt,  60  MHz):  5  =  7. 7-6. 6  (m,  9H.rom)  , 
3.6  (s,  2H.min.)  (Figure  5) . 

I.R.  (KBr) :  v=3480,  3400,  3080,  2200,  1620,  1600,  1580, 

1250  am-1  (Figure  6). 

E.I.M.S.  [70  eV] :  m/z=193  (M* ,  100). 

1- (Phenylethynyl) -3-nitrobenzene  (6) ; 

A  solution  of  1  - iodo-3-ni trobenzene  (32.37g,  130.00 
mmol)  and  pyridine  (250ml)  was  degassed  at  room  temperature 
under  nitrogen  before  the  addition  of  cuprous  phenylacety- 
lide  (Reference  14)  (21.41g,  130.00  mmol).  The  solution 
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Spectrum  of  Compound 


was  heated  to  reflux  (115°C)  undar  a  nitrogen  atmosphere 
for  5h  until  TLC  on  an  activated  silica  gel  strip  (4:1 
hexane:  methylene  chloride)  indicated  the  reaction  was 
complete.  The  solvent  was  distilled  under  vacuum  and  the 
residue  was  dissolved  in  methylene  chloride  (250  mL) .  The 
organic  solution  was  filtered  over  diatomaceous  earth  (2.5 
cm  H)  to  remove  the  pyridinium  iodide  salts.  The  filtrate 
was  washed  with  10%  sulfuric  acid  (700  mL) ,  15% 
hydrochloric  acid  (3  X  150  mL) ,  and  water  (3  X  300  mL) . 
After  drying  over  anhydrous  magnesium  sulfate  (12.00g)  the 
solvent  was  distilled  by  rotary  evaporation  to  give  a  brown 
solid  (26.18g).  The  crude  product  was  recrystallized  from 
ethanol  with  decolorizing  carbon  to  give  pale  yellow 
needles:  10.55g  (07%);  m.p.  64-66°C. 

Cx+H®N02  calc.  C  75.32  H  4.06  N  6.28 
(223.22)  found  75.40  3.88  6.00 

1H-N .  M.  R .  (CDCl3/TMSi«*  ,  60  MHz):  6*8. 4-7. 3  ppm  (9H.r0m) 
(Figure  7)  . 

I.R.  (KBr)  :  v*3080,  2200,  1600,  1510,  1340  cm"1  (Figure  8). 
E.I.M.S.  [70  eV3:  m/z=223  (M* ,  100). 
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Figure  8.  IR  Spectrum  of  Compound 


1,1* - C 2-propyl idene Ibis [4- [3- [ [3- (3-phenoxyphenoxy) - 
henyl lethynyl ]phenoxy Ibenzane  (7) : 

A  suspension  of  2 , 2-bis C (3-bromophenoxy) -4-phenyl ] - 
propane  (3.73g,  6.93  mmol)  (Reference  17),  mono-ATP  (4.22g, 
14.77  mmol)  (Reference  16),  tr iethylamine  (distilled,  00 
mL)  and  tr iphenylphosphine  (0.20g,  0.76  mmol)  were  degassed 
at  room  temperature  under  a  nitrogen  purge  for  10  min 
before  the  addition  of  cuprous  iodide  ( 0 . 1 2 g ,  0.62  mmol) 
and  bis ( tr iphenylphosphine ) pal ladium  dichloride  (0.03g, 

0.04  mmol).  The  solution  was  heated  at  reflux  under  a 
nitrogen  atmosphere  for  24h  at  which  time  TLC  on  an  acti¬ 
vated  silica  gel  strip  (2:1  hexane : diethyl  ether)  indicated 
the  reaction  was  complete.  After  the  flask  was  allowed  to 
cool  to  room  temperature  the  solution  was  filtered  over 
diatomaceous  earth  to  remove  the  tr iethylamine  hydrobromide 
salts.  The  organic  filtrate  was  washed  with  157.  hydro¬ 
chloric  acid  (100  mL)  and  extracted  with  methylene  chloride 
(2  X  50  mL) .  The  organic  layers  were  washed  with  water  (4 
X  200  mL)  and  dried  over  anhydrous  magnesium  sulfate 
(5.00g).  The  solvent  was  distilled  by  rotary  evaporation 
to  give  a  dark  brown  oil  (7.87g).  Chromatography  on  a 
silica  gel  column  (Woelm  DCC ,  3  cm  dia  X  50  cm  H)  using  2:1 
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hexane : methylene  chloride  to  remove  the  product  reeulted  in 
a  light  yellow  glass:  2.60g  (40%). 

Ce?H*wO«  calc.  C  84.79  H  5.10 
(949.05)  found  84.86  5.16 

*  Pd  <2  ppm 

1H-N.M.R.  (CDCla/TMSint ,  60  MHz):  5=7. 4-6. 7  (m,  42H.rom) , 
1.7  (s,  6 Hm« thyi)  (Figure  9). 

E.I.M.S.  [70  eV3:  m/z-948  (M* ,  20),  44  (100). 


1 . 1 ' -[2 .2 ,2-Trif luoro-1- (trif luorome thy 1) ethyl idene]bis- 
[4- [3- [ [3- (3-phenoxyphenoxy ) phenyl lethynyl ]phenoxy 3 benzene 
(B)  : 


Monomer  8  was  prepared  by  addition  of  2 , 2-bis [ (3-bro- 
mophenoxy) -4-phenyl 3hexaf luoropropane  (4.91g,  7.60  mmol), 
mono-ATP  (6.52g,  22.80  mmol),  tr iethylamine  (125  mL) , 
tri phenyl phosphine  (0.40g,  1.53  mmol),  cuprous  iodide 
(0.20g,  1.05  mmol),  and  bis ( tr ipheny lphosphine) pal ladium 
diohloride  (0.20g,  0.29  mmol)  in  the  order  previously 
described  for  the  preparation  of  monomer  7.  The  reaction 
was  heated  at  90°C  under  an  inert  atmosphere  for  8h.  After 
the  neutralization  washes  as  previously  described,  a  brown 
solid  was  afforded  (10.35g).  Column  chromatography  on 
siliaa  gel  (3  cm  dia  X  75  cm  H)  using  4:1  hexane : carbon 
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Figure  9.  XH  NMR  Spectrum  of  Monomer 


tetrachloride  as  the  eluent  afforded  a  light  yellow  powder: 
5 . 47g  (68%) . 

Ce-riUaFeOe  calc.  C  76.13  H  4.00 
(1058.98)  found  75.93  4.07 

4 

m 

Biquinoxaline  Monomers  (9)-(12);  Representative  Procedure: 

A  solution  of  13.  (34.08g,  58.16  mmol)  in  tetrahydro- 
furan  (400  mL)  was  stirred  at  room  temperature  for  0.5h 
under  a  nitrogen  purge  before  the  addition  of  DAB  (6.22g, 
29.07  mmol).  After  0 . 3h  additional  stirring  at  room 
temperature  a  catalytic  quantity  of  glacial  acetic  acid  (2 
mL)  was  added  and  the  solution  was  stirred  at  room 
temperature  for  18h  or  until  TLC  on  an  activated  silica  gel 
strip  (2:1  diethyl  ether : hexane)  indicated  the  absence  of 
benzil.  The  solution  was  poured  into  water  (800  mL)  and 
the  aqueous  layer  was  extracted  twice  with  methylene 
chloride  (2  X  200  mL) .  The  organic  layers  were  combined, 
washed  with  5%  sodium  bicarbonate  (500  mL)  and  dried  over 
anhydrous  magnesium  sulfate  (40.00g).  Distillation  of  the 
solvent  by  rotary  evaporation  afforded  a  dark  brown  oil 

% 

(71. 48g) .  The  oily  residue  was  dissolved  in  1:1  hexane: 

*  methylene  chloride  (100  mL)  and  separated  into  four  25  mL 

portions.  Each  portion  was  chromatographed  on  a  silica  gel 
column  (Woelm  DCC ,  354. 19g,  5  cm  dia  X  37  cm  H)  using  2:1 
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hexane : methylene  chloride  to  remove  the  unreactive  Qlaser 
coupled  products  and  2:1  methylene  chloride : hexane  to 
remove  the  product.  The  product  fractions  were  distilled 
to  dryness  by  rotary  evaporation  and  the  residue  was 
precipitated  three  times  from  tetrahydrof uran : methanol 
(100/1500  mL)  to  afford  9  as  a  light  yellow  powder  (Table  3 
and  Figure  10) . 


l-[4-[3-[[3- (3-Phenoxyphenoxy) phenyl ]ethynyl ]phenoxy ]- 
phenyl ]-2-phenylethane  dione  (13): 

A  Solution  of  4- (3-bromophenoxy) benzi 1  (Reference  20) 
(11. 08g ,  29.08  mmol),  mono-ATP  (21.64g,  75.66  mmol), 
tr iethylamine  (150  mL)  and  triphenylphoaphine  (0.40g,  1.53 
mmol)  was  stirred  at  room  temperature  under  a  nitrogen 
purge  for  0 . 5h  before  the  addition  of  cuprous  iodide 
(0.20g,  1.05  mmol)  and  bis (triphenylphoaphine) pal ladium 
dichloride  (0.20g,  0.29  mmol).  The  solution  was  heated  to 
an  internal  temperature  of  90°C  under  a  nitrogen  atmosphere 
until  TLC  on  an  activated  silica  gel  strip  (4:1  hexane: 
diethyl  ether)  indicated  reaction  completion  (4h) .  The 
flask  was  allowed  to  cool  to  room  temperature  and  the 
solution  was  neutralized  with  15%  hydrochloric  acid  (2  X 
150  mL)  and  extracted  with  methylene  chloride  (100  mL) . 

The  organic  layer  was  separated  from  the  acidic  solution, 
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TABLE  3 


CHARACTERIZATION  SUMMARY  OP  MONOMERS  0-12 


Monomer  Appear-  Isolating  Elem.  Anal, ‘*-b)  Cu  Pd 
ance  Eluent  Calc.  (Found)  (ppm)  (ppm) 


9 

yellow 

2:1  CH*C1 

pwd . 

CeH i  4 

10 

beige 

2:1  CH=C1 

pwd . 

C«Hl4 

11 

yellow 
pwd . 

CH2CI2 

12 

white 
pwd . 

CH2CI 2 

C 

64  , 

.00 

(84.02) 

14 

<4 

H 

4 

.44 

( 

4.63) 

N 

4 

.  26 

( 

3.91) 

C 

62. 

.99 

(82.88) 

(c) 

(c) 

H 

4 

.39 

( 

4.51) 

N 

4, 

.21 

( 

3.83) 

C 

78, 

.28 

(78. 12) 

(c) 

(c) 

H 

4, 

.  14 

( 

4. 10) 

N 

3, 

,97 

( 

4.00) 

S 

4. 

.54 

( 

4.47) 

C 

77. 

,40 

(77. 13) 

(c) 

(c) 

H 

4. 

,  10 

( 

4.20) 

N 

3. 

92 

( 

3.85) 

S 

4. 

49 

( 

4.33) 

(a)  Analyses  for  C,  H,  N  performed  on  a  Perkin-Elmer 
Elemental  Analyser  Model  240C. 

(b)  Analysis  for  S  performed  by  a  titration  technique 
reported  by  Fritz  and  Freeland  (Reference  24) . 

(c)  Not  available. 
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Figure  10.  IR  Spectrum  of  Monomer 


washed  with  water  (3  X  500  mL)  and  dried  over  anhydrous 
magnesium  sulfate  (lO.OOg).  Following  a  filtration  over 
Silica  gel  (Woelm  DCC ,  55.17g,  5  cm  H)  in  a  coarse  porosity 
fritted  Buchner  funnel  the  filtrate  was  distilled  to 
dryness  by  rotary  evaporation  and  dried  in  vacuo  at  50°C 
for  8h  to  afford  a  brown  tacky  solid  (30.24g).  The  product 
was  used  without  further  purification  despite  the  presence 
of  Glaser  coupled  products  as  contaminants. 


1- [4- [3- [ [3- (4-phenoxysul f onylphenoxy) phenyl ]ethynyl 3- 
phenoxy ] phenyl ]-2-phsnylethanadione  (14) ; 

A  solution  of  4- (3-bromophenoxy) benzi 1  (Reference  20) 
(O.eog,  2.36  mmol),  1 -pheny lsul f ony 1 -4- (3-ethyny lphenoxy ) - 
benzene  (Reference  19)  (2.38g,  6.26  mmol),  tr iethylamine 

(50  mL) ,  pyridine  (10  mL) ,  and  tr ipheny lphosphine  (0.40g, 
1.53  mmol)  were  stirred  at  room  temperature  under  a 
nitrogen  purge  for  0 . 3h  before  the  addition  of  cuprous 
iodide  (0.20g,  1.05  mmol)  and  bis ( triphenylphosphine) - 
palladium  dichloride  (0.20g,  0.29  mmol).  The  solution  was 
heated  to  an  internal  temperature  of  90°C  under  a  nitrogen 
atmosphere  until  TLC  on  an  activated  silica  gel  strip  (4:1 
hexane : methylene  chloride)  indicated  reaction  completion 
(20h) .  The  solution  was  allowed  to  cool  to  room  tempera¬ 
ture  and  was  neutralized  by  pouring  the  solution  into  15% 
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hydrochloric  acid  (115  mL) .  After  two  extractions  of  the 
aqueous  solution  with  methylene  chloride  (2  X  50  mL)  the 
organic  layers  were  combined,  washed  with  water  (2  X  100 
mL)  and  dried  over  anhydrous  magnesium  sulfate  (0.50g), 
Distillation  of  the  solvent  by  rotary  evaporation  afforded 
a  dark  brown  oil  (4.39g)  which  was  chromatographed  on  a 
silica  gel  column  (Woelm  DCC ,  3  cm  dia  X  32  cm  H)  using  2:1 
hexane : methylene  chloride  to  remove  the  Qlaser  coupled 
products  and  methylene  chloride  to  remove  the  product. 
Distillation  of  the  solvent  afforded  a  yellow  amorphous 
solid:  1 , 25g  (84%). 

C40H2 sOaS  calc.  C  75.69  H  4.13  S  5.05 
(634.67)  found  74.68  4.36  5.03 

I.R.  (KBr) :  v=3090,  1600,  1580,  1330,  1250,  1160,  1010  cm"1 
(Figure  11) . 

E.I.M.S.  [70eV] :  m/z  =  634  (2,  NT )  ,  105  (100). 
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